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(67)  The invention concerns a method for capturing
and displaying microscopic images (01) of a sample to
be microscopically examined using a digital microscope.
In a step, a sequence of microscopic images (01) with
enhanced visual information in a third geometric dimen-
sion is captured. The sequence of the microscopic im-
ages (01) is displayed while it is captured. A visual rep-
resentation of a capturing range (06) in the third geomet-
ric dimension is displayed at a graphical user interface.
A user input that defines at least one adjustment of the
capturing range is received resulting in an adjusted cap-
turing range. At least one parameter of detecting visual
information in the third geometric dimension is adjusted
according to the adjusted capturing range. It is continued
to capture the sequence of the microscopic images (01)
with the enhanced visual information in the third geomet-
ric dimension applying the at least one adjusted param-
eter. Furthermore, the invention concerns a digital micro-
scope.

DIGITAL MICROSCOPE AND METHOD FOR CAPTURING AND DISPLAYING MICROSCOPIC
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Description

[0001] The present invention concerns a method for
capturing and displaying microscopicimages of a sample
to be microscopically examined using a digital micro-
scope. The microscopic images comprise enhanced vis-
ual information in a third geometric dimension such as
images with an extended depth of field (EDoF) or three-
dimensionalimages. These microscopicimages are cap-
tured and displayed live. Furthermore, the presentinven-
tion concerns a digital microscope.

[0002] US 2005/0057812 A1 shows a variable focus
system that includes an electrovariable optic and a con-
troller operatively configured for changing the focal con-
figuration of the electrovariable optic. The electrovariable
optic includes a plurality of movable optical elements for
changing the focal length of the electrovariable optic or
the direction of the focal axis of the electrovariable optic.
The variable focus system may be used in conjunction
with an image source to construct a 3D floating image
projector that projects a series of 2D image.

[0003] US 2014/0368920 A1 shows micro-mirror ar-
rays that are configured for use in a variable focal length
lens. The variable focal length lens comprises a micro-
mirror array having a plurality of micro-mirror element
arranged in at least a first section and a second section.
[0004] DE 10 2017 107 489 B3 is related to a micro-
scope assembly for the three-dimensional capture of a
sample to be microscopically examined and for the dis-
play of three-dimensional images of the sample under
the microscope. The microscope assembly comprises
an image capture unit for obtaining photographs of the
sample and an image processing unit for generating
three-dimensional images of the sample from the photo-
graphs.

[0005] WO 2007/134264 A2 shows athree-dimension-
alimaging system with a variable focal length micromirror
array lens. The micro mirror array lens comprises a plu-
rality of micromirrors, wherein each of the micromirrors
is controlled to change the focal length of the Micromirror
Array Lens. The imaging system further comprises an
optical unitand an image processing unit which produces
three-dimensional image data using theimages captured
by the optical unit and the focal length information of the
Micromirror Array Lens.

[0006] US 2017/0061601 A1 teaches a method for de-
fining operations for acquiring a multi-exposure image of
aworkpiece including first and second regions of interest
at different Z heights. The multi-exposure image is ac-
quired by a machine vision inspection system including
strobed illumination and a variable focal length lens used
for periodically modulating a focus position.

[0007] US 2012/0050562 A1 shows a digital imaging
system being configured for synthesizing an image of a
plenoptic optical device. The plenoptic optical device
comprises a photosensor array with a plurality of photo-
sensors arranged in a predetermined image plane. Fur-
ther, the plenoptic optical device comprises a microlens
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array with a plurality of microlenses arranged for directing
light from an object to the photosensor array.

[0008] Inthe productinformation sheet by NEDINSCO
B.V.: "DEPTH-VIEW PRO ", 2020, a vision system is
presented thatsharply images 3D objects with fine details
at high speed.

[0009] KR 1020180076466 A shows an inspection ap-
paratus which comprises a socket belt transferring a plu-
rality of objects and a plurality of inspection modules ar-
ranged along the socket belt.

[0010] EP 3486 706 A1 concerns a functional module
for a microscope. The functional module comprises an
image sensor and two microelectromechanical optical
systems for enhancing a depth of field on two optical
subpaths.

[0011] US 2013/0321927 A1 teaches a system with a
lens that shows a tuneable acoustic gradient index of
refraction. This system permits a dynamic selection of
the lens output including dynamic focusing and imaging.
[0012] In the product information sheet by Carl Zeiss
Industrielle Messtechnik GmbH: "ZEISS Visioner 1",
2020, a digital microscope for real-time all-in-focus im-
aging is presented. A sample can be viewed completely
in focus in real-time. This aims at a faster inspection of
components. The microscope offers different operating
modes. Each mode is designed to have its own param-
eters for acquisition, processing and post-processing.
The customer is free in selecting many parameters, con-
trolling them and adjusting them.

[0013] An object of the present invention is to allow a
user-friendly and efficient workflow for capturing and dis-
playing microscopic images with enhanced visual infor-
mation in a third geometric dimension such as images
with an extended depth of field (EDoF) or three-dimen-
sional images.

[0014] The aforementioned object is achieved by a
method according to the enclosed claim 1 and by a digital
microscope according to the enclosed claim 15.

[0015] The method according to the invention aims at
capturing and displaying microscopic images of asample
to be microscopically examined using a digital micro-
scope. The third geometric dimension lies preferably in
an optical axis used for capturing the microscopic imag-
es. Hence, this third geometric dimension is preferably
a depth of the sample. Regular two-dimensional images
comprise visual information of the sample in a first geo-
metric dimension and a second geometric dimension.
The first geometric dimension and the second geometric
dimension are usually width and height. Hence, the visual
information in the first geometric dimension and the visual
information in the second geometric dimension arise from
a two-dimensional object plane. The enhanced visual in-
formation in the third geometric dimension arises from
different objectplanes, especially, from an object volume.
The third dimension is preferably perpendicular to the
first dimension and preferably perpendicular to the sec-
ond dimension.

[0016] The method allows configuring a digital micro-
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scope in order to capture and to display the enhanced
microscopic images of the sample. This configuring can
be done user-friendly and efficiently by a user of any level
of education and preparation.

[0017] The method comprises a step of capturing a
sequence of microscopic images with the enhanced vis-
ual information in the third geometric dimension. This se-
quence of microscopicimages is preferably captured live.
A frame rate of the sequence of microscopic images is
preferably at least one image per second and, more pref-
erably, atleast 10 images per second. The skilled person
can easily adopt other suitable frame rates.

[0018] In a further step, the sequence of the micro-
scopic images is displayed while it is captured. Hence,
each of the microscopic images is displayed immediately
after it has been captured. A delay of displaying one of
the microscopic images after its capturing is preferably
less than one second and, more preferably, less than 0.1
second. The sequence of microscopic images is prefer-
ably displayed live. The sequence of microscopic images
is preferably displayed at a graphical user interface.
[0019] The method comprises a step of determining a
capturing range in the third geometric dimension depend-
ing on an extent of an area of interest of the sample. This
determination is preferably done automatically during an
initiation of a microscopic examination of the sample. In
a simple embodiment, the area of interest of the sample
is along the whole extent of the sample in the third di-
mension and, therefore, the initial capturing range in the
third geometric dimension equals to the extent of the
sample in the third geometric dimension. In a preferred
embodiment, the area of interest of the sample is deter-
mined by a user input at the graphical user interface. In
another preferred embodiment, the area of interest of the
sample is determined automatically by image data
processing of the captured microscopic images. The de-
termined initial capturing range in the third geometric di-
mension can be named as initial experiment z-range "ex-
pZrange" since the microscopic inspection as itis expect-
ed in the third dimension will experimented in this range
in the third geometric dimension. The enhanced visual
information in the third geometric dimension will be cap-
tured in this capturing range. For this, properties and pa-
rameters of the microscope will be chosen in order to
ensure that the enhanced visual information in the third
geometric dimension can be captured in this capturing
range.

[0020] In a further step, a visual representation of the
capturing range of the third geometric dimension is dis-
played at the graphical user interface of the digital micro-
scope. The visual representation represents the captur-
ing range including its lower limit and its upper limit. By
this visual representation, a user can visually recognize
the capturing range in the third geometric dimension. The
user can visually recognize how large this range is. The
user can visually recognize the limits of this range. This
visual representation of the capturing range is displayed
in order to allow the user to input at least one adjustment
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ofthisrange. Atleast the lower limit of the capturing range
and the upper limit of the capturing range are adjustable
at the graphical user interface. The at least one adjust-
ment is preferably a limitation, an expansion or a shifting
of the capturing range. The at least one adjustment re-
sults in an adjusted lower limit of the capturing range
and/or an adjusted upper limit of the capturing range.
The userinputs this at least one adjustment at the graph-
ical user interface. In a further step, the user input that
defines the atleast one adjustment of the capturing range
in the third geometric dimension is received. This results
in an adjusted capturing range in the third geometric di-
mension. The received user input is electronically proc-
essed. Preferably, the visual representation of the cap-
turing range is refreshed while the user inputs the mod-
ification. Hence, a visual representation of the adjusted
capturing range is displayed.

[0021] In a further step, at least one parameter of de-
tecting visual information in the third geometric dimen-
sion is adjusted according to the adjusted capturing
range in the third geometric dimension. Hence, this at
least one parameter is adjusted according to the received
user input. This at least one parameter is adjusted at
least according to the adjusted lower limit of the capturing
range and/or the adjusted upper limit of the capturing
range. The at least one parameter defines how the visual
information in the third geometric dimension is captured
and/or processed and/or displayed. The at least one pa-
rameter effects the extent and/or quality of the visual in-
formation in the third geometric dimension. Preferably,
at least two parameters of detecting visual information in
the third geometric dimension are adjusted according to
the adjusted capturing range. More preferably, at least
fourparameters of detecting visualinformation in the third
geometric dimension are adjusted according to the ad-
justed capturing range.

[0022] According to the method, capturing the se-
quence of the microscopic images with the enhanced
visual information in the third geometric dimension is con-
tinued applying the atleast one adjusted parameter. Like-
wise, displaying the sequence of microscopic images is
continued. The atleast one adjusted parameteris applied
when capturing and/or processing and/or displaying the
microscopic images of the sequence of microscopic im-
ages with the enhanced visual information in the third
geometric dimension after the user has input the at least
one adjustment of the range in the third geometric dimen-
sion.

[0023] A special benefit of the method according to the
invention is that the user can easily control the capturing
and displaying of the microscopic images with enhanced
visual information in the third geometric dimension such
as images with an extended depth of field (EDoF) or
three-dimensional images. The user has to adjust the
range of the third geometric dimension as itis necessary
for the inspection of the sample, wherein further param-
eters for capturing and/or processing and/or displaying
the microscopic images are adjusted automatically de-
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pending on that user input. Preferably, the user has to
input the adjustment of the capturing range as the only
quantitative parameter that influences the capturing,
processing, and displaying of the microscopic images.
Preferably, the graphical user interface allows the adjust-
ment of the capturing range as the only quantitative pa-
rameter that is adjustable.

[0024] In preferred embodiments, the images with the
enhanced visual information in the third geometric dimen-
sion are images with an extended depth of field (EDoF)
or 2.5-dimensional images or three-dimensional images.
The images with an extended depth of field are preferably
completely in focus. These images can be named as all-
in-focus images. The images with an extended depth of
field are preferably completely sharp. The depth of the
images with an extended depth of field is increased by a
factor of preferably atleast 5 and more preferably at least
10. The 2.5-dimensional images comprise information in
the third geometric dimension that is not complete as the
visual information in the first and second geometric di-
mensions. The thee-dimensional images comprise com-
plete visual information in the first, second, and third ge-
ometric dimensions.

[0025] The least one parameter of detecting visual in-
formation in the third geometric dimension is preferably
a selection of an objective of a set of exchangeable ob-
jectives, an optical magnification of an objective, a step
size in the third geometric dimension, a number of steps
in the third geometric dimension, a number of images per
stack, a field of view, an illumination setting, an illumina-
tion condition, an option for an automatic correction of
reflexes, an option for an automatic telecentric correction,
a rate of images per second, a rate of volumes per sec-
ond, a depth quality threshold, a smoothing index, an
index of a pixelwise iteration, a depthwise kernel size, a
value of a bilateral sigma colour, a value of a bilateral
sigma space; a resize ratio, a number of threads, a spec-
tral range of an illumination, afrequency of a stroboscopic
illumination, an acquisition time, a selection of rings of
illumination, a selection of a coaxial illumination, an ex-
posure time, a mode of white balance, and/or a camera
gain. Especially, the at least one parameter of detecting
visual information in the third geometric dimension is
preferably a step size in the third geometric dimension,
a number of steps in the third geometric dimension, an
acquisition time, and/or a camera gain. More preferably,
the parameters of detecting visual information in the third
geometric dimension are a step size in the third geometric
dimension, a number of steps in the third geometric di-
mension, an acquisition time, and a camera gain.
[0026] In preferred embodiments, an available range
in the third geometric dimension is determined based on
properties of the used digital microscope. The enhanced
visual information in the third geometric dimension is
available in the available range by using the digital mi-
croscope in its current configuration. The enhanced vis-
ual information in the third geometric dimension can be
captured in the available range by using the digital mi-
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croscope inits current configuration. This available range
in the third geometric dimension can be named as max-
imum z-range "MaxZrange" since it is a maximum range,
in which the enhanced visual information in the third ge-
ometric dimension can be captured. This available range
in the third geometric dimension is determined based on
the properties of the digital microscope in its current con-
figuration, wherein these properties preferably comprise
a present magnification, especially, an optical magnifi-
cation of an objective of the microscope. This magnifica-
tion is preferably determined automatically by detecting
the present objective, e. g. a selected one of a set of
exchangeable objectives. The properties of the digital
microscope to be used for determining the available
range preferably comprise further measures and param-
eters such as a focal length, an illumination, and/or an
aperture.

[0027] In preferred embodiments, the visual represen-
tation of the capturing range in the third geometric dimen-
sion is an inner bar. The inner bar is located within an
outer bar. The outer bar visually represents the available
range in the third geometric dimension. The user can
easily perceive in which quantitative relation the captur-
ing range stands to the available range. Preferably, the
upper limit and the lower limit of the capturing range are
visually emphasized by extended lines at the ends of the
inner bar. Preferably, a centre of the capturing range is
visually emphasized by an extended line across the inner
bar. The centre of the capturing range is preferably de-
termined based on a position of an actuator of an appa-
ratus for gathering the enhanced visual information in the
third geometric dimension.

[0028] The inner bar is preferably refreshed while the
user inputs the adjustments of the capturing range.
Hence, the inner bar permanently represents the modi-
fied capturing range in its current status.

[0029] Inpreferredembodiments, the method compris-
es a further step that is an initial step for configuring the
digital microscope before the sample is microscopically
examined by the user. In this step, parameters of cap-
turing and/or displaying the microscopic images with the
enhanced visualinformationin the third geometric dimen-
sion are automatically determined. This determination is
preferably based on recognized characteristics of the
sample to be microscopically examined. These charac-
teristics preferably comprise an extent of the sample in
the third geometric dimension.

[0030] The parameters of capturing and/or displaying
the images with the enhanced visual information in the
third geometric dimension to be automatically deter-
mined preferably comprise a step size in the third geo-
metric dimension, a number of steps in the third geomet-
ric dimension, a number of images per stack, a selection
of an objective of a set of exchangeable objectives, an
optical magnification of an objective, an illumination, a
spectral range of an illumination, a frequency of a stro-
boscopic illumination, an acquisition time and/or a cam-
era gain. The objective of the set of exchangeable ob-
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jectives is preferably selected as its field of view fits to a
size of the sample to be microscopically examined or to
the area of interest. The objective of the set of exchange-
able objectives is preferably selected as it suitable for
capturing of enhanced visual information in a third geo-
metric dimension in the initial capturing range. The de-
termined parameter of illumination preferably defines a
maximum of the illumination. The determined acquisition
time preferably defines a minimum of the acquisition time
in order to ensure fastest acquisition. The determined
camera gain ensures optimal sample illumination and/or
a low degree of overexposed and underexposed areas
of the sample as well as appropriate noise. The named
parameters preferably ensure an auto-exposure proc-
ess. Preferably, a number of images per stack is deter-
mined initially. As an example, this number is 10 images
per stack.

[0031] Preferred embodiments of the method com-
prise further steps for defining an illumination by the user.
A visual representation of an available exposing range
is displayed at the graphical user interface. That available
exposing range ranges from a minimally available expo-
sure to a maximally available exposure of the sample. A
further user input is received that defines a selected ex-
posing range that ranges from a minimally applicable ex-
posure to a maximally applicable exposure of the sample.
The selected exposing range is a subset of the available
exposing range. Preferably, the selected exposing range
is visually represented at the graphical user interface as
an inner bar. This inner bar is in an outer bar. Preferably,
the outer bar visually represents the available exposing
range. The inner bar is preferably refreshed after the user
input. The sample is illuminated by an illumination in the
selected exposing range.

[0032] The method according to the invention is suit-
able for a live investigation of a sample to be microscop-
ically analysed. The displayed microscopic images are
watched live by the user. The user can move the sample
and/or move optics. Hence, this mode of investigation
can be named as "live" mode or "navigation" mode. Pre-
ferred embodiments offer a further mode of investigation.
According to that further mode, single microscopic imag-
es are captured and displayed as a stillimage. This mode
can be named as "snap" mode. Preferably, a toggle but-
ton is displayed at the graphical user interface. The user
cantoggle between the "live" mode and the "snap" mode.
A user input of toggling the toggle button is received.
After this, microscopic images are captured and dis-
played according to the selected mode of investigation.
[0033] Preferred embodiments of the method com-
prise steps for selecting a mode of capturing the micro-
scopic images. A first menu is displayed at the graphical
user interface. The first menu comprises at least two
menu items. Each of the menu items stands for a mode
of capturing microscopic images. The modes describe
the technical manner and/or technical parameters of cap-
turing the microscopicimages. The modes preferably de-
scribe the capturing of two-dimensional microscopic im-
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ages, auto-focused two-dimensional images or micro-
scopic images with enhanced visual information in the
third geometric dimension. At least one of the modes
describes capturing of microscopic images with en-
hanced visual information in the third geometric dimen-
sion. The user selects the required mode by choosing
the corresponding menu item. In a further step, a user
input of selecting one of the menu items of the first menu
is received. After this, the microscopic images are cap-
tured according to the selected mode.

[0034] Further embodiments of the method comprise
steps for selecting a mode of displaying the microscopic
images. A second menu is displayed at the graphical
user interface. The second menu comprises at least two
menu items. At least one of the menu items stands for a
mode of displaying the microscopic images with en-
hanced visual information in the third geometric dimen-
sion. This atleast one mode describes the technical man-
ner and/or technical parameters of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension. The user selects the required
mode by choosing the corresponding menu item. In a
further step, a user input of selecting one of the menu
items of the second menu is received. After this, the mi-
croscopicimages are displayed according to the selected
mode.

[0035] The atleast one mode of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension represented by one of the
menu items of the second menu is preferably a mode of
displaying the microscopic images with enhanced visual
information in the third geometric dimension as images
with an extended depth of field (EDoF).

[0036] The atleast one mode of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension represented by one of the
menu items of the second menu is preferably a mode of
displaying the microscopic images with enhanced visual
information in the third geometric dimension as a height-
map.

[0037] The atleast one mode of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension represented by one of the
menu items of the second menu is preferably a mode of
displaying the microscopic images with enhanced visual
information in the third geometric dimension as a 2.5-
dimensional image or as a three-dimensional image.
Such images can also be named as topographic images.
Hence, this mode can be named as "topo" mode.
[0038] Preferably, the second menu comprises at least
one of the menu items that stand for a mode of displaying
further microscopic images with enhanced visual infor-
mation in the third geometric dimension as at least one
stillimage. Such amode canbe named as a "snap" mode.
This mode is preferably a mode of displaying the further
microscopic images with enhanced visual information in
the third geometric dimension as at least one still image
with an extended depth of field (EDoF). Alternatively or
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additionally, it is a mode of displaying the further micro-
scopic images with enhanced visual information in the
third geometric dimension as a 2.5-dimensional still im-
age or as a three-dimensional stillimage. In these "snap"
modes, the further microscopic images with enhanced
visual information in the third geometric dimension are
preferably stored for later processing.

[0039] In other more preferred embodiments, the sec-
ond menu is not necessary since a mode of displaying
is selected automatically. A mode of displaying the mi-
croscopic images with enhanced visual information in the
third geometric dimension as images with an extended
depth of field (EDoF) is preferably selected automatically
if the user uses a two-dimensional display for watching
the microscopic images. A mode of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension as 2.5-dimensional images or
as three-dimensional images is preferably selected au-
tomatically if the user uses a 2.5-dimensional display or
athree-dimensional display for watching the microscopic
images. The 2.5-dimensional display or the three-dimen-
sional display is preferably a 3D stereo display or 3D
glasses.

[0040] In preferred embodiments of the method, a fur-
ther option is displayed at the graphical user interface.
This option can be displayed as a single button or as a
third menu at the graphical user interface. This option
stands for a mode of displaying the microscopic images
with enhanced visual information in the third geometric
dimension as images showing an extended depth of field
and/or showing a focused area, wherein the extended
depth of field and the focused area, respectively, are at
least present in at least one region of interest. This em-
bodiment is inspired by the analogy with human vision.
This embodiment results in a reduced field of view since
parts of the images outside the region of interest are not
necessarily displayed with an extended depth of field and
as focused areas, respectively. The region of interest is
preferably selected automatically by tracking an eye of
the user. Alternatively, the region of interest is preferably
selected by the user at the graphical user interface. A
special benefit of this preferred embodiment is a high
frame rate that it can offer. The reduction to the region
of interest allows displaying the extended depth of field
and/or the focused visual information at a higher rate.
This frame rate is preferably at least 10 images per sec-
ond and more preferably at least 25 images per second.
[0041] Displaying the microscopic images with en-
hanced visual information in the third geometric dimen-
sion as microscopic images that show a focused area in
the region of interest is in accordance with an alternative
"live" mode. That mode can be preferably configured as
a "fast focus" mode or as a "very fast focus" mode. The
region of interest will be set in focus in a short time that
is preferably less than 200 ms after the user has chosen
the region of interest, e. g. by moving to the this region
of the sample or by moving a pointer at the graphical user
interface to the region of interest. Alternatively, the user
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moves the sample to the region of interest and leaves
the region of interest unchanged. Alternatively, the user
combines a movement of the sample and a movement
of the pointer at the graphical user interface.

[0042] Displaying the microscopic images with en-
hanced visual information in the third geometric dimen-
sion as images showing an extended depth of field in the
region of interest is in accordance with an alternative
"live" mode. That mode can be preferably configured as
a "fast EDoF" mode. For this, a stack of microscopic im-
ages is captured and processed. The extended depth of
field is present in the region of interest, whereas areas
around the region of interest can contain image informa-
tion that is not in focus what is similar to human vision.
The position of the region of interest can be controlled
by the user at a volume rate that is preferably between
10 and 30 volumes per second.

[0043] Displaying the microscopic images with en-
hanced visual information in the third geometric dimen-
sion as microscopic images that show an extended depth
of field and a focused area in the at least one region of
interest is in accordance with an alternative "live" mode.
That mode can be preferably configured as a "fast focus
and fast EDoF" mode. Preferably, the microscopic imag-
es with enhanced visual information in the third geometric
dimension are displayed as microscopic images that
show an extended depth of field and a focused area in
more than one region of interest at once.

[0044] Preferably, a third menu is displayed at the
graphical user interface. This third menu comprises at
least two menu items. One of the menu items stands for
a mode of displaying the microscopic images with en-
hanced visual information in the third geometric dimen-
sion as images showing a focused area in a region of
interest. This mode can be a "fast focus" mode or a "very
fast focus" mode. Alternatively or additionally, one of the
menu items stands for a mode of displaying the micro-
scopic images with enhanced visual information in the
third geometric dimension as images showing an extend-
ed depth of field in a region of interest. This mode can
be a "fast EDoF" mode. Alternatively or additionally, one
of the menu items stands for a mode of displaying the
microscopic images with enhanced visual information in
the third geometric dimension as images showing an ex-
tended depth of field and a focused area, wherein the
extended depth of field and the focused area are at least
present in at least one region of interest. This mode can
be a "fast focus and fast EDoF" mode.

[0045] In preferred embodiments of the method, a tool
for measuring the sample is offered to the user. This tool
is especially offered in the "live" mode orin the alternative
"live" mode. The tool for measuring is presented at the
graphical user interface. The tool is preferably presented
in form of graphical pointers in the displayed microscopic
images. The user uses this tool resulting in a user input.
This user input on that tool is received. Geometric data
are determined by image data processing of the captured
sequence of the microscopic images with the enhanced
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visual information in the third geometric dimension. Typ-
ically, parameters of the microscope such as an optical
magnification of an objective and a position of a sample
table of the microscope are additionally used for trans-
forming the captured sequence of the microscopic imag-
es into the geometric data. The geometric data describe
the sample. The geometric data preferably describe an
extent of the sample in the three dimensions. The user
inputis applied to the geometric data in order to calculate
a measure of the sample. This is the measure that was
requested by the user using the tool, e. g. by setting two
pointers at the displayed microscopicimages of the sam-
ple. The measure is preferably a distance between two
points at the sample. The calculated measure is output
at the graphical user interface, especially as a value.
[0046] The microscope according to the invention is a
digital microscope, in which microscopic images are cap-
tured electronically and processed digitally. The digital
microscope is configured for capturing microscopic im-
ages of a sample to be microscopically examined.
[0047] The digital microscope comprises an objective
for gathering light from the sample to be microscopically
examined. The objective comprises at least one optical
lens. The objective preferably comprises a plurality of the
optical lenses.

[0048] The digital microscope comprises at least one
image sensor for converting an image transferred from
the objective to the image sensor into an electrical signal.
From there, the image sensor converts an image taken
by the objective into an electrical signal. The image sen-
sor is preferably a semiconductor, e. g., a CMOS.
[0049] The digital microscope further comprises an il-
lumination unit for illuminating the sample.

[0050] The digital microscopicimages show enhanced
visual information in a third geometric dimension. For
this, the digital microscope comprises an apparatus for
capturing enhanced visual information in the third geo-
metric dimension. This apparatus preferably comprises
a microelectromechanical optical system on an optical
path from the objective to the image sensor. The micro-
electromechanical optical system is configured for ex-
tending a depth of field on the optical path from the ob-
jective to the image sensor. The microelectromechanical
optical system is preferably a Micromirror Array Lens
System (MALS) or a Micromirror Array Lens (MMAL).
Alternatively, the apparatus for capturing enhanced vis-
ual information in the third geometric dimension is pref-
erably an actuator for changing a distance between the
sample and the image sensor. The general principle and
methods for making the Micromirror Array Lens are dis-
closed in US 6,934,072 B1; US 6,934,073 B1; US
6,970,284 B1; US 6,999,226 B2; US 7,031,046 B2; US
7,095,548 B1; US 7,161,729 B2; US 7,239,438 B2; US
7,267,447 B2; US 7,274,517 B2; and US 7,619,807 B2.
[0051] The digital microscope further comprises a
graphical user interface that is presentable to the user.
[0052] The digital microscope further comprises a con-
trol circuitry that is configured for executing the method
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according to the invention. Preferably, the control circuit-
ry is configured for executing a preferred embodiment of
the method according to the invention. The control cir-
cuitry is preferably a computer.

[0053] The digital microscope preferably shows fea-
tures that are described in regard to the method and its
preferred embodiments.

[0054] Preferably, the digital microscope further com-
prises a sample table for holding the sample. The sample
table is preferably moveable.

[0055] Preferably, the control circuitry is further config-
ured to control the illumination unit, the moveable sample
table, the apparatus for capturing enhanced visual infor-
mation in the third geometric dimension, and the graph-
ical user interface. Preferably, the control circuitry is fur-
ther configured to determine properties and parameters
of the objective, of the image sensor, of the illumination
unit, and/or of the apparatus for capturing enhanced vis-
ual information in the third geometric dimension.

[0056] Additional advantages, details and refinements
of the invention will become apparent from the following
description of a preferred embodiment of the invention,
making reference to the drawing.

[0057] The only Fig. shows a graphical user interface
of a preferred embodiment of a digital microscope ac-
cording to the invention. That digital microscope can be
used, e. g. for shop-floor microscopy. The digital micro-
scope according to the invention can be used by a user
of any level of education and preparation since its graph-
ical user interface is simple and user-friendly. The user
can use the digital microscope as an efficient tool in his
daily routine. An example of usage is supervision. Ac-
cording to this example, the user makes supervision and
control of six machines (not shown) for drills production
at a factory shop floor. Every 30 minutes or on demand,
the user visits each machine in a turn and takes a sample
(not shown) to be inspected under the microscope. The
sample is a drill bit (not shown) that must be inspected
with a particular microscopic magnification as, e. g. 2.5X
to fulfil resolution and size requirements. The require-
ment to inspect the drill bit (not shown) fast benefits from
an extended depth of field that is provided by the digital
microscope. This embodiment of the digital microscope
allows seeing a complete microscopic image in form of
avolumein ordertoinspect athree-dimensional structure
of the drill (not shown) at once. The user can rotate drill
(not shown) while inspecting. The user can rotate it either
by hand or using a specialized manipulator (not shown).
The user can observe the constant quality and the ab-
sence of any defect. The user can ensure that quality
degradation does not occur. A pre-defined quality deg-
radation will indicate need for particular adjustments on
one of the machines (not shown). The user is enabled to
quickly document a quality level with high attentions to
details.

[0058] The preferred embodiment of the digital micro-
scope provides live microscopic images 01 of the sample
with an extended depth of field and live microscopic im-
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ages 01 that are completely in focus. Pursuant to a meth-
od according to the invention, the user has to adjust only
one parameter or only very few parameters in order the
configure the digital microscope for capturing and dis-
playing the live microscopicimages 01 of the sample with
an extended depth of field (EDoF) or the live microscopic
images 01 that are completely in focus based on an auto-
focus (AF). These live microscopic images 01 that are
completely in focus are also referred to as all-in-focus
images (AIF). The described user-friendly manual con-
figuration is done via the shown graphical user interface.
[0059] The shown graphical user interface comprises
a presentation of the live microscopic images 01 of the
sample (not shown) thatis inspected. The graphical user
interface further comprises a toggle button 02 for toggling
between "live" mode and a "snap" mode. The "live" mode
can also be named as "navigation" mode and allows live
capturing and live displaying of the microscopic images
01 thatare images with an extended depth of field (EDoF)
orimages that are completely in focus (AF). In the "snap"
mode, individual still microscopic images 01 that are still
images with an extended depth of field (EDoF) or still
images that are completely in focus (AF) are captured
and stored.

[0060] The graphical user interface further comprises
a first menu 03. The first menu 03 comprises four menu
items that stands for modes of capturing the microscopic
images 01 with an extended depth of field (EDoF) or im-
ages that are completely in focus based on an autofocus
(AF-2D) as three-dimensional images or two-dimension-
al images (2D). These images that are completely in fo-
cus are also referred to as all-in-focus images (AIF).
There are also modes with pre-defined parameters (Def.
1) and automatic modes (Auto) as well as modes for spe-
cific samples or ranges.

[0061] The graphical user interface further comprises
a first inner bar 06 in a first outer bar 07. The first outer
bar 07 visually represents a range available for capturing
visual information in depth. Hence, this range can be
named as "MaxZrange". The first inner bar 06 is a filled
area within the first outer bar 07. The first inner bar 06
visually represents a range, in which the depth informa-
tion is actually captured. Hence, this range can be named
as "expZrange". The user can interactively move the first
inner bar 06 and the user can interactively adjust the
ends of the first inner bar 06 in order to adjust the cap-
turing range. An upper limit and a lower limit of the cap-
turing range are visually emphasized by extended lines
08 at the ends of the first inner bar 06. A centre of the
capturing range is visually emphasized by a further ex-
tended line 09 across the first inner bar 06. The centre
of the capturing range is determined based on a position
of an actuator of an apparatus (not shown) for gathering
the extended depth of field.

[0062] The graphical user interface further comprises
a second inner bar 11 in a second outer bar 12. The
second outer bar 12 visually represents a range available
for exposing the sample (not shown). That available ex-
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posing range ranges from a minimally available exposure
that is zero to a maximally available exposure. Hence,
this range can be named as "ExpRange". The second
inner bar 12 visually represents a range, in which the
sample (not shown) is actually exposed. Hence, this
range can be names as applied exposing range. An upper
limit of the applied exposing range is visually emphasized
by an extended line 13 at the end of the second inner bar
12.

[0063] The graphical user interface further comprises
a second menu 14. The second menu 14 comprises
menu items that stand for modes of displaying the micro-
scopic images with extended depth of field as three-di-
mensional images with extended depth of field. Such im-
ages can also be named as topographic images (Tex-
ture). In further modes, the microscopic images are dis-
played as a heightmap (Heightmap). The modes are di-
vided in "live" modes and "snap" modes. In the "live"
modes, the microscopic images 01 are displayed contin-
uously. In the "snap" modes, the microscopic images 01
are displayed as still images. In more preferred embod-
iments, the second menu 14 is not present since that
selection of the mode is done automatically.

[0064] The graphical user interface further comprises
a third menu 16. The third menu 16 comprises menu
items that stand for alternative "live" modes of displaying
the microscopic images 01 showing an extended depth
of field (Fast-EDoF) or showing a focused area based on
an autofocus (Fast AF) or an combination thereof (Fast
AF/EDoF), wherein the extended depth of field and the
focused area, respectively, are atleast present in at least
one region of interest. These modes are in accordance
with human vision. These modes allow fast investigation
and fast navigation.

[0065] The graphical user interface further comprises
a fourth menu 17. The fourth menu 17 comprises menu
items that stand for different modes of illuminating the
sample (not shown). These modes comprise a mode for
a high dynamic range (HDR) and a mode for automatic
exposure (AE).

List of reference numerals

[0066]

01  microscopic images
02  toggle button

03 first menu

04 —

05 —

06 first inner bar

07 first outer bar

08 extended lines
09 extended line

10 —

11 second inner bar
12 second outer bar
13  extended line
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14  second menu

15 —

16  third menu

17  fourth menu

Claims

1. Method for capturing and displaying microscopicim-

ages (01) of a sample to be microscopically exam-
ined using a digital microscope; wherein the method
comprises the following steps:

- capturing a sequence of microscopic images
(01) with enhanced visual information in a third
geometric dimension;

- displaying the sequence of the microscopicim-
ages (01) while it is captured;

- determining a capturing range in the third ge-
ometric dimension depending on an extent of an
area of interest of the sample,

- displaying a visual representation (06) of the
capturing range in the third geometric dimen-
sion, wherein that visual representation is dis-
played at a graphical user interface, and wherein
at least a lower limit and an upper limit of the
capturing range are adjustable at the graphical
user interface;

- receiving a user input that defines at least one
adjustment of the capturing range in the third
geometric dimension resulting in an adjusted
capturing range in the third geometric dimen-
sion;

- adjusting at least one parameter of detecting
visual information in the third geometric dimen-
sion according to the adjusted capturing range
in the third geometric dimension; and

- continuing to capture the sequence of the mi-
croscopic images (01) with the enhanced visual
information in the third geometric dimension ap-
plying the at least one adjusted parameter.

Method according to claim 1, characterized in that
the images (01) with the enhanced visual information
in the third geometric dimension are images (01) with
an extended depth of field or three-dimensional im-
ages (01).

Method according to claim 1 or 2, characterized in
that the least one parameter of detecting visual in-
formation in the third geometric dimension compris-
es:

- aselection of an objective of a set of exchange-
able objectives,

- an optical magnification of an objective,

- a step size in the third geometric dimension,
-anumber of steps in the third geometric dimen-
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10

sion,

- a field of view,

- an illumination setting,

- an illumination condition,

- an option for an automatic correction of reflex-
es,

- an option for an automatic telecentric correc-
tion,

- a rate of images per second,

- a rate of volumes per second,

- a depth quality threshold,

- a smoothing index,

- an index of a pixelwise iteration,

- a depthwise kernel size,

- a value of a bilateral sigma colour,

- a value of a bilateral sigma space;

- aresize ratio,

- a number of threads,

- a spectral range of an illumination,

- a frequency of a stroboscopic illumination,
- an acquisition time,

- a selection of rings of illumination,

- a selection of a coaxial illumination,

- an exposure time,

- a mode of white balance, and/or

- a camera gain.

Method according to one of the claims 1 to 3, char-
acterized in that an available range in the third ge-
ometric dimension is determined based on proper-
ties of the used digital microscope.

Method according to claim 4, characterized in that
the visual representation of the capturing range in
the third geometric dimension is an inner bar (06) in
an outer bar (07), wherein the outer bar (07) visually
represents the available range in the third geometric
dimension.

Method according to one of the claims 1 to 5, char-
acterized in that it comprises a step, in which pa-
rameters of capturing and/or displaying the micro-
scopic images (01) with the enhanced visual infor-
mation in the third geometric dimension are auto-
matically determined before the sample is micro-
scopically examined.

Method according to claim 6, characterized in that
the parameters to be automatically determined be-
fore the sample is microscopically examined com-
prise:

- aselection of an objective of a set of exchange-
able objectives,

- an optical magnification of an objective,

- an illumination,

- a spectral range of an illumination,

- a frequency of a stroboscopic illumination,
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- an acquisition time, and/or
- a camera gain.

Method according to one of the claims 1 to 7, char-
acterized in that it further comprises the following
steps:

- displaying a visual representation (12) of an
available exposing range that ranges from a
minimally available exposure to a maximally
available exposure of the sample, wherein that
visual representation (12) of the exposing range
is displayed at the graphical user interface,

- receiving a further user input that defines a
selected exposing range (11) that ranges from
a minimally applicable exposure to a maximally
applicable exposure of the sample.

Method according to claim 8, characterized in that
the selected exposing range is visually represented
at the graphical user interface as an inner bar (11)
in an outer bar (12) that visually represents the avail-
able exposing range.

Method according to one of the claims 1 to 9, char-
acterized in that it further comprises the following
steps:

- displaying a first menu (03) at the graphical
user interface, wherein the first menu (03) com-
prises at least two menu items, wherein each of
the menu items stands for a mode of capturing
microscopic images (01), wherein at least one
ofthe modes describes capturing of microscopic
images (01) with enhanced visual information in
the third geometric dimension; and

- receiving a user input of selecting one of the
first menu items of the first menu (03).

Method according to one of the claims 1 to 10, char-
acterized in that it further comprises the following
steps:

- displaying a second menu (14) at the graphical
user interface, wherein the second menu (14)
comprises at least two menu items, wherein at
least one of the menu items stands for a mode
of displaying the microscopic images (01) with
enhanced visual information in the third geomet-
ric dimension; and

- receiving a user input of selecting one of the
menu items of the second menu (14).

Method according to one of the claims 1 to 11, char-
acterized in that a mode of displaying the micro-
scopic images (01) with enhanced visual information
in the third geometric dimension as images with an
extended depth of field is selected automatically if
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13.

14.

15.

the user uses a two-dimensional display for watching
the microscopic images (01), wherein a mode of dis-
playing the microscopic images (01) with enhanced
visual information in the third geometric dimension
as 2.5-dimensional images or as three-dimensional
images is selected automatically if the user uses a
2.5-dimensional display or a three-dimensional dis-
play for watching the microscopic images (01).

Method according to one of the claims 1to 12, char-
acterized in that an option (16) is displayed at the
graphical user interface, wherein this option (16)
stands for a mode of displaying the microscopic im-
ages (01) with enhanced visual information in the
third geometric dimension as microscopic images
(01) showing an extended depth of field and/or show-
ing a focused area, wherein the extended depth of
field or the focused area is at least presentin at least
one region of interest.

Method according to one of the claims 1to 13, char-
acterized in that a tool for measuring is presented
at the graphical user interface, wherein a user input
on that tool is received, wherein geometric data are
determined by image data processing of the cap-
tured sequence of the microscopic images (01) with
enhanced visual information in the third geometric
dimension, and wherein the user input is applied to
the geometric data in order to calculate a measure
that is output at the graphical user interface.

Digital microscope for capturing microscopic images
of a sample to be microscopically examined; com-
prising:

- an objective for gathering light from the sample
to be microscopically examined, wherein the ob-
jective comprises at least one lens;

- animage sensor for converting an image trans-
ferred from the objective to the image sensor
into an electrical signal;

- an illumination unit for illuminating the sample;
- an apparatus for capturing enhanced visual in-
formation in the third geometric dimension;

- a graphical user interface; and

- a control circuitry that is configured for execut-
ing a method according to one of the claims 1
to 14.
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